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http://dx.doi.org/10.1016/j.asjsur.20Summary Objective: To observe the effects of intermittent one-lung ventilation (OLV)
before and after surgery on the inflammatory cytokines and biomarkers of oxidative stress
in serum of lung cancer patients undergoing open thoracotomy.
Methods: Between June 2011 to March 2012, 80 patients undergoing lobectomy were classified
into four groups nonrandomly: Group A, control group; B, OLV preconditioning group; C, OLV
postconditioning group; D, OLV preconditioning-combined-with-postconditioning group.
Neutrophil granulocyte (PMN), interleukin 6 (IL-6), superoxide dismutase (SOD), and malondial-
dehyde (MDA) were assayed in plasma samples taken preoperatively (T1), intraoperatively
(T2), and 2 hours postoperatively (T3).
Results: Comparison of T1 with T2 and T3 documented significant increase in MDA, PMN, and IL-6
levels and decrease in SOD in the control group (p< 0.01). Compared with the control group, the
levels of IL-6 andMDA decreased and SOD increased significantly at T2 in the OLV preconditioning
group, at T3 in the OLV preconditioning combined postconditioning group (p < 0.05).
Conclusion: Preconditioning of intermittent OLV before thoracotomy combined with postcondi-
tioning of intermittent returning two-lung ventilation after surgery maybe alleviate systematic
inflammatory response and oxidative stress for lung cancer patients.
Copyright ª 2013, Asian Surgical Association. Published by Elsevier Taiwan LLC. All rights
reserved.eclare that they have no financial or non-financial conflicts of interest related to the subject matter
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OLV preconditioning/postconditioning and lung injury 811. Introduction (1) Age < 70 years; (2) no pulmonary infection; (3)One-lung ventilation (OLV) is used widely in thoracic
surgeries. Lots of studies implied that OLV can cause
lung injury.13 Animal study indicated OLV for 2 hours
could provoke inhomogeneous lung injury that the injury
in the nondependent lung was more severe than the
other one.1 Besides, OLV is an important induced factor
of acute lung injury (ALI), which is a potential compli-
cation after thoracic surgery. At present, ALI has
become one of the major causes of death after thoracic
surgery and the mortality is stable in 2e5%.4 The hy-
pothesis of ventilator-induced lung injury during OLV has
been further supported by the association between tidal
volume exceeding 7e8 mL/kg predicted body weight and
the release of systemic and pulmonary inflammatory
mediators.5 The clinical benefits of lung-protective
strategies using lower tidal volume combined with pos-
itive end-expiratory pressure (PEEP) have been sup-
ported by some studies.6,7
Oxidative stress is an important factor of ALI during OLV,
and it is found that oxidative stress plays an important part
in the structure, function, and inflammatory response of
the ALI model.8 Severe oxidative stress is caused by oxygen
free radicals induced during the process of OLV and re-
oxygenation,9,10 and the degree of the amount of gener-
ated oxygen free radicals is associated with the duration of
OLV, especially for patients with lung cancer.10 However,
Cheng YJ et al11 stated that resuming two-lung ventilation
(TLV) induces a massive superoxide production, but there is
no significant decrease in the total antioxidant status,
which indicates adequate antioxidant capacity to coun-
teract it, and they thought that severe oxidative injuries
after OLV/TLV should be considered in patients without
adequate antioxidative capacity, such as those with cancer
and trauma. Therefore, the new question is how to reduce
the oxidative stress injury for patient with lung cancer
during the surgery.
As we all know, the protective effect of ischemic
preconditioning and postconditioning on the heart has
been confirmed. Here, we wish to investigate whether
preconditioning and postconditioning can be used in
OLV. The aim of the study is to evaluate the effect of
OLV preconditioning before surgery and OLV post-
conditioning after surgery on inflammatory cytokines and
oxidative stress, and to seek a new protective strategy
for ALI.2. Materials and methods
The nonrandomly controlled study protocol was approved
by the ethical committee at Xiangya Hospital of Central
South University, Changsha, China.2.1. Study subjects
Collecting the patients with lung cancer admitted to the
Department of Cardiothoracic Surgery in Xiangya Hospital
from June 2011 to March 2012.2.1.1. Patients’ eligibility
forced expiratory volume in 1 second (FEV1)  1.5 L; (4)
lung cancer patients confirmed before or during
the operation; (5) no metastasis of liver, gallbladder,
kidney, spleen, adrenal gland, brain, and bone by
computed tomography (CT) and type-B ultrasound; (6)
single lobectomy combined with lymph node dissection;
(7) Grade IeIII of American Society of Anesthesiologists
(ASA) level.
2.1.2. Patients rejected
(1) Patients with pneumonectomy and sub-lobectomy; (2)
patients who underwent a peri-operative blood transfusion;
(3) duration of OLV more than 2 hours; (4) The tidal volume
(VT) is more than 8 or less than 6 mL/kg or respiratory
frequency is more than 20 or less than 12 breaths per
minute during the process of OLV and TLV alteration; (5)
patients with severe pleural adhesion.
2.2. Grouping and management
The work of collecting, grouping, and management of
subjects was done simultaneously. All eligible patients
were divided into four groups nonrandomly with 20 in each
group.
Group A is the control group. Patients accepted the
conventional anesthesia ventilation scheme, which is TLV
before opening the pleural cavity and then OLV during the
operation, and then back to TLV after pulmonary lobectomy
and lymph nodes dissection.
Group B is the OLV preconditioning group. Intermittent
OLV for 20e30 minutes before opening the pleural cavity is
done after the successful tracheal intubation. The specific
program is 1 min þ T þ 5 min þ T þ 10 min þ T, and it
means 1-minute OLV and T-minute TLV and 5-minute OLV
and T-minute TLV and 10-minute OLV and T-min TLV and
then real OLV (T Z 2).
Group C is the OLV postconditioning group. The program
of OLV postconditioning is intermittent back to TLV after
the lobectomy and lymph node dissection. The specific
program is 1 min þ T þ 3 min þ T þ 5 min þ T þ 10 min þ T,
which means 1-minute TLV and T-minute OLV and 3-minute
TLV and T-minute OLV and 5-minute TLV and T-minute OLV
and 10-minute TLV and T-min OLV and then the real TLV
after surgery (T Z 2).
Group D is preconditioning-combined-with-
postconditioning group. The program is a combination of
those in Group B and Group C.
Double lumen tracheal cannula and intermittent positive
pressure ventilation (IPPV) are used in the anesthesia.
Regarding ventilator parameters, VT is controlled between
6 and 8 mL/kg and the PEEP is 0 cmH2O. Besides, the
inspired oxygen concentration is set 100% and the allowed
respiratory frequency is 12e20 breaths per minute. During
the operation, VT and respiratory frequency are permitted
to be regulated slightly to maintain the oxygen saturation
and airway pressure less than 30 mmHg. In order to reduce
the influence of human factors, the same operator and
anesthesiologist are employed for the entire clinical study
(Fig. 1).
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Figure 1 The model of OLV preconditioning combined
with OLV post-conditioning. OLV Z one-lung ventilation;
TLV Z two-lung ventilation.
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The levels of the plasma markers were determined by ELISA
following the manufacturers’ instructions, including inter-
leukin 6 (IL-6), and the polymorphnuclear neutrophils (PMN),
superoxide dismutase (SOD), and malondialdehyde (MDA)
(The kits were purchased from the American company R&D
Systems).Figure 2 Histograms of IL-6, MDA, SOD, and PMN in each group a
Group B is the OLV preconditioning group; Group C is the OLV post
with-postconditioning group. T1 is at the time of tracheal intub
operation (intraoperatively); T3 is 2 hours after operation (postop
)p < 0.01 versus T1. ))p < 0.01 versus T2. )))p < 0.05 vers
OLV Z one-lung ventilation; PMN Z neutrophil granulocyte; SOD ZThree milliliters of the arterial blood sample of patients
were taken at three different time points during the
operation, which were at the time of tracheal intubation
(T1), before the lobectomy during the operation (T2), and 2
hours after operation (T3). Out of these, 1 mL of the sample
was used to test the blood routine and the rest of the
sample was centrifuged and used to test the inflammatory
cytokines IL-6 and oxidation stress indices, SOD and MDA.
2.4. Statistical analysis
The data were recorded as mean  standard deviation
(x  s), and the independent sample t test and paired t test
were used, respectively, between and within the groups. In
addition, the Chi-square test was used to analyze the sex
ratio of patients in each group and analysis of variance
(ANOVA) was used to analyze the age of patients and the
OLV time. All the experimental results were analyzed using
the SPSS17.0 software, and p values < 0.05 indicated sta-
tistically significant difference.
3. Results
Eighty lung cancer patients were enrolled in our research.
Their clinical characteristics are compared in Table 1, and
there was no significant difference between the groups.t different times: T1, T2, and T3. Group A is the control group;
-conditioning group; Group D is the preconditioning-combined-
ation (preoperatively); T2 is before the lobotomy during the
eratively).
us Group A. IL-6 Z interleukin 6; MDA Z malondialdehyde;
superoxide dismutase.
Table 1 Demographic features for the entire cohort.
Group A B C D p
Number of patients 20 20 20 20 >0.99
Sex 0.545
Male 16 12 15 14 d
Female 4 8 5 6 d
Age (y) 56  9.8 55  9.1 61  9.0 58  7.8 0.161
Weight (kg) 58  7.3 61  6.9 57  7.6 60  7.3 0.226
Side of OLV 0.282
Right 14 8 11 10 d
Left 6 12 9 10 d
Lobe of lobectomy 0.585*
LU 10 5 4 6 d
LL 4 3 7 4 d
RU 5 7 5 7 d
RM 0 0 0 0 d
RL 1 4 4 3 d
RM þ RL 0 1 0 0 d
Operative time (h) 127  20 138  18 124  15 119  14 0.058
Time of OLV (h) 75  19 81  17 70  15 67  16 0.064
Input fluid volume (mL) 1640  315 1825  327 1580  371 1710  302 0.116
ASA score 0.353
1 0 0 0 0 d
2 15 17 12 14 d
3 5 3 8 6 d
4 0 0 0 0 d
*p value is calculated by Fisher’s exact test.
Group A is the control group.
Group B is the OLV preconditioning group.
Group C is the OLV postconditioning group.
Group D is the preconditioning-combined-with-postconditioning group.
Input fluid volume is the mean of input fluid volume of patient during the operation.
ASA Z American Society of Anesthesiologists; LL Z left lower; LU Z left upper; OLV Z one-lung ventilation; RL Z right lower;
RM Z right middle; RU Z right upper.
Table 2 Results of biomarker plasma levels of each group at T1, T2, and T3.
Group No. T1 T2 T3
IL-6 (ng/L) A 20 12.19  2.30 17.49  2.17 22.05  2.20
B 20 12.33  1.76 16.02  2.21 20.42  1.95
C 20 12.06  2.61 18.07  1.84 21.45  2.96
D 20 12.32  3.06 16.58  3.54 18.63  2.72
MDA (mmol/mL) A 20 5.05  0.26 5.76  0.27 6.64  0.54
B 20 5.11  0.24 5.59  0.25 6.17  0.36
C 20 5.04  0.22 5.81  0.73 6.31  0.38
D 20 5.13  0.18 5.53  0.15 5.99  0.44
SOD (U/L) A 20 195.87  17.71 143.94  7.08 109.16  11.73
B 20 185.91  18.29 153.70  7.45 120.51  12.42
C 20 194.95  11.08 145.05  8.8 121.07  12.91
D 20 187.94  14.02 161.69  8.22 135.50  16.79
PMN (%) A 20 67.99  4.34 89.52  3.20* 91.20  2.82
B 20 67.97  4.21 83.88  2.84 88.62  2.67
C 20 67.76  9.34 90.13  2.57 88.78  3.21
D 20 68.42  3.95 84.27  2.39 85.04  2.37
Group A is the control group; Group B is the OLV preconditioning group; Group C is the OLV postconditioning group; Group D is the
preconditioning-combined-with-postconditioning group. T1 is at the time of tracheal intubation (preoperatively); T2 is before the
lobotomy during the operation (intraoperatively); T3 is 2 hours after operation (postoperatively). IL-6 Z interleukin 6;
MDA Z malondialdehyde; OLV Z one-lung ventilation; PMN Z neutrophil granulocyte; SOD Z superoxide dismutase.
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Table 2. The results of statistical analysis are presented in
Fig. 2, from which we can see that comparison of T1 with T2
and T3 shows a significant increase in MDA, PMN, and IL-6
levels and a decrease in SOD in the control group.
Compared with the control group, there was a decrease in
the levels of IL-6, MDA, and PMN, and SOD increased signifi-
cantly at T2 in the OLV preconditioning group and at T3 in the
OLV preconditioning-combined-with-postconditioning
group.
4. Discussion
4.1. Analysis of results and mechanisms
In thoracic surgery, ALI occurs due to many reasons,
including OLV, operative procedure, fluid overload, and the
patient’s basic condition. The results of the control group
show that inflammatory indexes, IL-6 and PMN, in the serum
of lung cancer patients undergoing pulmonary lobecetomy,
increase gradually from the beginning of surgery to 2 hours
after surgery, and so does MDA, while the level of SOD
decreases gradually. It reveals that different degrees of
lung injury and oxidative stress exist during the process.
The results show that intermittent prolonged OLV pre-
conditioning before thoracic surgery can significantly
reduce the concentration of the IL-6 and MDA and increase
the level of SOD in the operation. Moreover, OLV pre-
conditioning combined with OLV postconditioning of inter-
mittent return to TLV reduced the level of the IL-6 and
MDA, but increased SOD significantly at 2 hours after sur-
gery. The results also suggests that OLV is one of the
important factors that induces lung injury in thoracic sur-
gery. In our study, OLV postconditioning reduced the level
of IL-6 and MDA and increased the level of SOD in serum
nonsignificantly postoperatively. It may be associated with
too small a sample size and the short duration of post-
conditioning. Perhaps there is no apparent lung injury
during the process of reoxygenation from OLV to TLV after
operation. In this regard, further study needs to be done.
From the results, it is further confirmed that OLV induced
lung injury is associated with oxidative stress10 and OLV
preconditioning improves the antioxidant capacity of lung
tissue by enhancing activity and concentration of SOD.12
The mechanism of OLV-induced lung injury is not clear,
but some factors should not bedisregard, such as hypoxemia,
hyper tidal volume of ventilated lung, and oxidative stress. It
has a 5e10% incidence of hypoxemia during the OLV,13 which
can cause lung injury by inducing many active oxygen free
radicals or releasing someactive factors. For ventilated lung,
hyper tidal volume causes hyper mechanical stretch. High
tidal volume is an independent risk factor,14 and it can in-
crease the incidence of respiratory failure after pneumo-
nectomy.15 It is supported that oxidative stress exits during
the OLVand reoxygenation,911 which can lead to lung injury
by various mechanisms, including: (1) direct damage to DNA;
(2) lipid peroxidation; (3) oxidation of proteins; and (4)
alteration of transcription.16
We cannot conclude about the mechanisms of OLV pre-
conditioning/postconditioning for protection of lung injury
in our study, but we can infer that it maybe associated withalleviation of inflammatory and oxidative stress according
to our results. In fact, OLV preconditioning/postcondition-
ing provides a beforehand adaptation of hyper tidal volume
of ventilated lung and lung re-expansion during the surgery,
and we think its protection maybe the same with ischemic
preconditioning/postconditioning by priming the endoge-
nous protective mechanism.
4.2. Analysis of influencing factors
In this study, the operative procedure can influence the
results, including the duration of operation, operative
extrusion, and operative extent. Besides, anesthesia is
another important factor, including anesthetic method, the
type of anesthetic machine, and ventilation parameters. In
addition, intubations also cause the damage of trachea,
and each patient’s ability of hypoxic tolerance is different.
In our study, we tried our best to control and reduce the
bias. First, we employed a strict screening procedure for
the patients before selection or rejection. Second, the
same operator, anesthetist, and anesthetic machine were
employed in the study. Third, the operations were all open
lobectomy combined with lymph nodes dissection. Finally,
we made a comparison between the groups about age, sex,
weight, time and side of OLV, ASA, and lobe of lobectomy,
and the results were not significant (as shown Table 1).
However, we have to admit that the study is not a random
one and the sample capacity is limited; therefore, some
differences do not show up as significant.
4.3. Analysis of preconditioning and
postconditioning
The clinical study is based on the actual clinical opera-
tion and anesthesia, and the program are built on the
condition that OLV preconditioning and postconditioning
do not prolong the operative duration and increase the
operative difficulty, but it does not imply that the pro-
gram in the research is the best program for clinical
application.
There are the following characteristics about the clinical
OLV preconditioning and postconditioning program. The
first characteristic is operability, and it implies that the
program is easy to build and accomplish in a clinical setting.
It just needs a big curved forceps with a rubber hose to
change OLV and TLV. The second one is practicality that the
set times of 20 minutes preconditioning and about 30 mi-
nutes postconditioning are based on lots of clinical obser-
vation in order not to prolong the operative duration. The
third one is innovation, as there is no report about combi-
nation between OLV and preconditioning/postconditioning
until now.
Up to February 11, 2012, we could find 26 relevant
documents when we entered the keywords acute lung
injury and one-lung ventilation in a PubMed search, eight
relevant documents when the keywords were one-lung
ventilation and oxidative stress, 401 relevant documents
for acute lung injury and oxidative stress, and 24 docu-
ments with the keywords hypoxic preconditioning and lung.
Therefore, there are very few current studies regarding
OLV-induced lung injury. Further studies and discussion
OLV preconditioning/postconditioning and lung injury 85need to be done so that we can continue to investigate the
protective effect of OLV preconditioning and post-
conditioning for ALI by changing the clinical programs.
Besides, since the study supports that repetitive OLV pre-
conditioning in vivo for 20 minutes before the thoracic
surgery combined with repetitive OLV postconditioning
in vivo for 30 minutes after OLV can alleviate the inflam-
matory reaction and oxidative stress significantly, what
effect the clinical program will bring for recovery of pa-
tients and incidence rate of postoperative complications? It
still requires further research.
5. Summary
In summary, ALI is a potential postoperative complication
and should be paid more attention in clinical settings.
Compared with treating lung injury, it is of greater benefit
for patients to prevent the lung injury and reduce the
incidence of ALI, by optimizing the medical process. The
study is an exploratory trial of a combination pre-
conditioning/postconditioning with OLV in an actual clinical
setting. The programs of OLV preconditioning and post-
conditioning have an endogenous protective effect on the
body; therefore it will have a broad prospect of clinical
application in the OLV of thoracic surgery. Although it is still
in the process of exploration and clinical study, we believe
that a set of actual operative programs about OLV pre-
conditioning and postconditioning will be realised with an
increasing number of animal experiments and clinical
studies.
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